Neuroleptic malignant syndrome (NMS) with characteristic symptoms is a potentially lethal reaction to antipsychotic drugs. Atypical NMS usually lacks major symptoms and frequently occurs after treatment using atypical antipsychotics, such as aripiprazole. A 64-year-old man developed aripiprazole-induced NMS after surgery, and our early recognition of the NMS was based on high creatine kinase levels and low serum iron levels. His characteristic symptoms (a fever, rigidity, and altered mental status) were only present for a few hours and were resolved by aripiprazole discontinuation and supportive care. Aripiprazole-induced NMS can present with brief but major symptoms, and clinicians may overlook this "brief" appearance of NMS.
Introduction
Patients with neuroleptic malignant syndrome (NMS) exhibit clinical features, such as a fever, rigidity, altered mental status, and dysautonomia, after treatment using neuroleptic agents or anti-Parkinson medication withdrawal (1) . Atypical NMS appears without hyperthermia or muscle rigidity and frequently occurs after treatment using atypical antipsychotic drugs, such as aripiprazole (2, 3) . However, without careful observation, clinicians may overlook the signs and symptoms of NMS. We herein report a case of "brief" aripiprazole-induced NMS where a fever, rigidity, and altered mental status were present for only a few hours.
Case Report
A 64-year-old Japanese man with recent cholecystitis (treated using percutaneous transhepatic gallbladder drainage) was scheduled for laparoscopic cholecystectomy. A psychiatrist had previously diagnosed the patient with alcohol-related dementia, which was being treated using aripiprazole, pregabalin, and diazepam. The patient had no other significant medical history. On preoperative day 3, his axillary temperature was 36.6 ; heart rate, 73 beats/min; blood pressure, 126/68 mmHg; and oxygen saturation, 97% in ambient air. A physical examination and laboratory tests revealed normal findings, with a creatine kinase (CK) level of 217 U/L and serum iron level of 91 μg/dL (normal range: 54-181 μg/dL). The patient had been receiving aripiprazole (24 mg/day for 26 days), pregabalin (150 mg/day for 20 days), and diazepam (6 mg/day for 7 days) before laparoscopic cholecystectomy, although this treatment was stopped on the day of surgery.
In the operating room, the patient received general and epidural anesthesia using propofol, desflurane, fentanyl, remifentanil, levobupivacaine, and rocuronium. Laparoscopic cholecystectomy was completed in 155 minues, the intraoperative blood loss was 109 mL, and the anesthetic course and operation were uneventful. The patient was extubated and transported to the critical-care unit because of his dementia and subsequently received intravenous diazepam (5 mg) at bedtime. On postoperative day (POD) 1, his vital signs were normal, and laboratory tests revealed a leukocyte At 6 AM on POD 3, the patient had a temperature of 36.9 , a heart rate of 81 beats/min, and a blood pressure of 95/68 mmHg ( Figure) . He was alert, and a physical examination revealed no remarkable findings, although he had acute urinary retention. We initially considered the hypotension and acute urinary retention to be complications of the epidural anesthesia, which prompted us to stop the continuous epidural anesthesia and place an indwelling urethral catheter. Routine laboratory tests revealed a leukocyte count of 6,700 cells/mm 3 , a creatinine level of 0.65 mg/dL, and a CK level of 1,231 U/L. Additional laboratory tests revealed a CK-MB level of 15 U/L, a troponin I level of 3.6 pg/mL, and a serum iron level of 47 μg/dL. Electrocardiography and cardiac ultrasonography showed normal findings, and we immediately stopped aripiprazole treatment on suspicion of NMS. Treatment for the elevated CK level was begun using fluid resuscitation. At 4 PM, he suddenly developed confusion and muscle rigidity with serious vital sign abnormalities, including a temperature of 38.8 , a heart rate of 126 beats/min, a blood pressure of 175/100 mmHg, a respiratory rate of 36 breaths/min, and oxygen saturation of 90% in ambient air. His CK level peaked at 2,551 U/L despite adequate hydration maintenance with nasal oxygen at 2 L/min. We did not administer any antipyretic medication, and his fever, rigidity, and altered mental status resolved by 8 PM His CK level then decreased to 2,157 U/L, and his urine output reached >2 mL/kg/h. These results suggested that he had been successfully treated using only supportive care. On POD 4, his CK levels at 6 AM and 4 PM were 2,277 U/L and 1,835 U/L, respectively. On POD 7, the patient was transferred to the general ward, and he was subsequently discharged with prescriptions for clonazepam, pregabalin, and suvorexant.
Discussion
The present case highlights two important issues. First, the major symptoms of aripiprazole-induced NMS may only last a few hours. In normal cases, NMS is diagnosed according to the DSM-IV-TR and Levenson diagnostic criteria (3-5); however, atypical antipsychotic-induced NMS can be difficult to diagnose, as it presents without clear clinical features (2, 3) . A recent systematic review indicated that aripiprazole-induced neuroleptic malignant syndrome occurs after treatment with a mean dose of 18.9 mg and has a symptom duration of approximately 7.5 days. Furthermore, most NMS cases exhibit an altered mental status and rigidity; temperatures of ! 38 are less commonly observed (58.3% prevalence) (3) . In the present case, our careful observation and physical examination detected a fever, rigidity, and an altered mental status that persisted for only a twohour period, which met the DSM-IV-TR and Levenson diagnostic criteria. In addition, the patient was successfully treated using only supportive care. These findings suggest that atypical antipsychotic-induced NMS may be a selflimiting condition and can therefore be missed during treat-ment.
Second, sudden decreased serum iron levels may facilitate the early recognition of NMS, even in patients who have recently undergone surgery. In the present case, the first symptoms were hypotension and acute urinary retention, which mimicked the complications of epidural anesthesia. However, in the absence of elevated CK levels, the early diagnosis of NMS can be difficult. Serum iron levels can temporarily decrease during an NMS episode and subsequently return to normal with clinical improvement of the patient (6). Furthermore, serum iron levels are a negative acute-phase reactant (7) and are lowest on POD 1 in postoperative patients (8) . In the present case, the serum iron levels of the patient were not markedly different on POD 1 (85 μg/ dL) from before the operation (91 μg/dL) and decreased on POD 3 (47 μg/dL), prompting us to suspect NMS. In addition, the serum iron levels returned to 89 μg/dL in association with clinical improvement on POD 5. The serum iron levels are thought to be higher in the morning than in the afternoon or evening (7, 9) . Considering the importance of this diurnal variation of serum iron levels in the diagnosis of NMS, we measured the serum iron levels only in the morning.
Diagnosing NMS and determining its etiology is challenging, especially in postoperative patients. Postoperative NMS can have unusual causes, including anesthetics (10), anesthetic-related agents (11), neuroleptic discontinuation (12) , and neuroleptic reinstitution (13) . Furthermore, low serum iron is a potential risk factor for NMS (14, 15) . Therefore, patients experiencing surgical stress that results in low serum iron can potentially develop postoperative NMS. In the present case, surgical stress did not decrease the serum iron level. In our opinion, the present NMS case resulted from a high-dose administration for 28 days rather than neuroleptic discontinuation and reinstitution. This interpretation is consistent with the risk of NMS being associated with high-dose antipsychotic administration (16) and the median onset time being 27.5 days for atypical antipsychotic-induced NMS (17) . Atypical antipsychotic drugs are commonly used for the management of behavioral and psychological symptoms of dementia (18) . Our results suggest that atypical antipsychotic drug administration should be initiated at the lowest dose for the shortest time possible and in conjunction with other medical treatments for dementia (18) .
Conclusion
Aripiprazole-induced NMS can present with major symptoms that last only a few hours. In these cases, the serum iron levels may facilitate the early diagnosis of NMS. Although many reports of atypical NMS can be found in the literature, this is the first report of a case of "brief" NMS, indicating that atypical antipsychotic-induced NMS may go unrecognized in the absence of careful observation and a physical examination. Further studies are required to determine whether or not atypical NMS is simply missed or indeed as rare as it seems, and whether or not an early diagnosis can prevent the worsening of symptoms.
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